Abstract. Mounting evidence suggests that inflammatory bowel disease (IBD) is caused by genetic predisposition of various genes as well as an abnormal interaction with environmental factors, resulting in epigenetic alterations. It has become evident that epigenetic factors play a significant contributory role during disease development. Additionally, DNA methylation has been reported to be correlated with the development of IBD. In the present study, we examined the role of DNA hypermethylation in Crohn's disease (CD) patients. The transcription elongation regulator 1-like (TCERG1L) gene, which has been previously reported to be highly frequently methylated in colon tumors was selected as a candidate for the early detection of biomarkers for colon cancer patients. DNA methylation of TCERG1L in 101 serum samples of CD patients was examined. Results of conventional MSP analysis revealed high methylation [57% (58/101)] of serum samples in CD patients. The DNA methylation pattern of TCEEG1L was confirmed using bisulfate sequencing analysis. The results of the present study suggest that using regular colonoscopic surveillance sensitive DNA methylation markers may detect serum samples of CD patients, leading to reduced risk or prevention of the progression of advanced stages of disease.
Introduction
Inflammatory bowel disease (IBD) is a heterogeneous disease characterized by Crohn's disease (CD) and ulcerative colitis (UC). CD most commonly involves the ileum and colon but can affect any region of the abominal area. UC often involves the rectum, and inflammation may extend as far as the cecum in a contiguous pattern (1) . Strong familial aggregation, twin studies and established genetic associations have demonstrated the importance of genetics in IBD pathogenesis (2) (3) (4) . Currently, >32 susceptibility loci have been identified for IBD (5) (6) (7) (8) (9) (10) . However, all these genetic risk factors only account for ~20% of the genetic risk (11) , suggesting that other factors, including possible epigenetic factors, are involved in IBD pathogenesis (12) . However, the epigenetic aspect of IBD has not been systemized.
DNA methylation is an important epigenetic alteration that is involved in the development and differentiation of diseases (13) . The aberrant DNA methylation involves promoter CpG island methylation and silenced genes in cancer such as tumor suppressor genes (13) . The involvement of DNA methylation in various types of cancer and several other human diseases including IBD has been widely investigated (14) . Abnormal DNA methylation has been observed in UC patients in the estrogen receptor (ER), p14 ARF , and E-cadherin gene and emerging evidence suggests the involvement of epigenetic factors in the regulation of gene activity as a factors in the pathogenesis of IBD (15, 16) . Additionally, it has been previously reported that CpG islands in the promoter region of transcription elongation regulator 1-like (TCERG1L) gene are highly methylated, not only in colon cancer patient tissues, particularly those obtained from early stage of colon cancer patients (17) , but also in patients with UC (18) . However, little is known regarding DNA methylation in patients with CD.
Analysis of DNA methylation is leading to a new generation of cancer biomarkers (19) . It was previously demonstrated that abnormally high DNA concentrations can also be detected in the serum, plasma, and urine of cancer patients (20, 21) . Aberrantly methylated DNA sequences occur frequently in tumors and have been detected in the circulation of cancer patients by methylation-specific PCR (MSP) (22, 23 (17) .
Quantitative methylation-specific PCR using qPCR. Bisulfite modification of genomic DNA was carried out using the EZ DNA methylation kit (Zymo Research). For quantitative real-time analyses, the Maxima SYBR-Green qPCR kit (Fermentas, Seoul, Korea) was used and the amplification conditions consisted of an initial 10-min denaturation step at 95˚C, followed by 40 cycles of denaturation at 95˚C for 15 sec and annealing and extension for 30 and 60 sec, respectively. A CFX96 real-time PCR detection system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and for quantification (17) .
Statistical analysis. Statistical analysis was performed using the STATA 9.2 software package (Stata Corporation, College Station, TX, USA). Most analyses were conducting using a t-test, while continuous variables were analyzed using the Mann-Whitney U test. P<0.05 was considered statistically significant.
Results and Discussion

Detection of DNA promoter hypermethylation of TCERG1L gene in sera of patients with CD.
Understanding the causes and molecular mechanisms of CD and UC, the two forms of idiopathic IBD, is a major challenge in gastroenterology research. Although significant effort has been made to identify genetic and environmental factors that may increase the risk of IBD, little is known IBD-specific factors (8, 27) . Mounting evidence supports the theory that IBD is caused by a complex interplay between genetic predispositions of various genes, combined with an abnormal interaction with environmental factors. Thus, it appears that epigenetic factors significantly contribute to the pathogenesis of disease. Recently, studies have focused on two separate DNA hypermethylation biomarker candidate genes in patients with colon cancer and UC (17, 18) . In the present study, the hypothesis that extremely sensitive DNA methylation marker candidates in colon cancer are capable of detecting high-risk inflammatory diseases such as UC and CD in patients, led to DNA methylation analysis in the serum samples of CD patients using TCERG1L gene promoter region.
The TCERG1L gene which is located on chromosome 10, has exhibited frequent cancer-specific methylation in microarray-based approaches (28) . TCERG1L is potentially involved in the elongation-related factors in HeLa nuclear extracts (29) , however, this remains to be elucidated. CpG islands of the TCERG1L gene promoter region are known to be frequently methylated in the early stage of colon cancer (17) , thus genomic DNA from the sera of patients with CD (n=101) was extracted. First, we assessed the methylation level of TCERG1L gene promoter region in 101 serum samples of patients with CD by MSP analysis. Conventional MSP analysis was performed successfully in the majority of samples. Fig. 1 shows the frequency of hypermethylation for the TCERG1L gene promoter region in the sera of patients with CD, and 58 (57%) of the 101 samples were found to be methylated. We also tested FBN2 gene in the serum samples of patients with CD which is known to be frequently methylated in the early stages of colon cancer. However, no methylation was detected in the samples tested in the present study (data not shown). Previously, we demonstrated that the DNA hypermethylation of TCERG1L and FBN2 was detected in UC patient tissue samples (18) . However, in the present study, we only detected the DNA methylation of the TCERG1L gene in serum samples of patients with CD. The results suggest that TCERG1L gene is extremely sensitive as a methylation marker in the detection of early stages of cancer as well as inflammatory diseases such as IBD. In addition, it was suggested that there may be differences in DNA methylation signatures at the gene level between UC and CD patients. Therefore, genome-wide methylation analyses are necessary to identify differential methylation levels between UC and CD in future.
TCERG1L methylation analysis in patients with CD. TCERG1L
was previously reported to be completely methylated (17) . Fig. 2 shows the relative TCERG1L hypermethylation status in the serum samples (n=20) and tissue (n=7) of patients with CD compared with colon cancer cell lines (n=8) using qMSP. In terms of methylation quantification, the methylation level of TCERG1L gene in colon cancer cell lines was relatively higher than that of patients with CD, thus the methylation level in cancer is denser than that in inflammatory disease. We also compared the methylation level of TCERG1L between tissue from biopsy and blood samples. The methylation level in tissue samples with CD was 2-to 4-fold higher than that in blood samples. We detected TCERG1L methylation in blood and tissue samples of patients with CD by conventional MSP, however, quantification of the methylation level distinguished between cancer and CD. P-values were statistically significant between CD and colon cancer cell lines (blood, P<0.0001; tissue, P=0.0003) as well as blood and tissue with CD (P=0.0002). Our data suggest that DNA hypermethylation of TCERG1L gene is sensitive enough to detect patient blood or tissue samples with CD. Limited clinical information of the CD patients in the present study was obtained. Thus, additional studies are required to investigate the correlation between clinical data of CD patients such as duration and methylation level.
The methylation pattern in the CpG islands of the promoter region of TCERG1L gene by bisulfite sequencing analysis was also confirmed (Fig. 3) . The bisulfate sequencing region amplified has 31 CpG sites. The TCERG1L gene was previously reported to have a dense CpG methylation pattern in CRC tumors (17) . In this study, we found that TCERG1L gene showed a dense CpG methylation pattern in the blood (patient #11) and tissue (patient #3) of CD patients at 51% (methylation site per CpG site) compared with complete methylation (100%) in RKO colon cancer cells. Our results suggest that TCERG1L gene is densely methylated in CD patients, and the DNA methylation of TCERG1L is sensitive enough to detect inflammatory diseases such as CD. However, certain limitations of the present study should be considered. A lack of control samples with CD did not yield specificity with TCERG1L gene methylation. Additionally, there was a lack of clinical information for CD samples including disease duration in the present study; thus we were not able to compare results of various analyses associated with DNA methylation of TCERG1L. Therefore, additional studies are needed to define the use of DNA methylation markers with clinical data of CD patients, including control samples.
In conclusion, we assessed the promoter DNA methylation pattern of TCERG1L gene in the blood samples of CD patients. We were able to detect TCERG1L gene promoter methylation in 57% of patient blood samples with CD by conventional MSP analysis. The DNA methylation status of TCERG1L in CD patient tissue and blood samples was also confirmed by bisulfite sequencing analysis. A comparison of the quantitative methylation levels among CD patient tissue, blood and colon cancer cell lines was conducted. Results showed the methylation level of TCERG1L in colon cancer cell lines to be significantly higher than that in CD patient blood and tissue samples. Additionally, results of this study have demonstrated that methylation of TCERG1L is sensitive enough to detect inflammatory disease in tissue and blood samples of patients with CD. Thus, sensitive methylation markers may be useful in the detection of inflammatory diseases which have the potential risk of progression of severe disease in CD patients.
